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Matrix-assisted laser desorption/ionization-mass spectrometry (MALDI-MS) and liquid 
secondary ion-tandem mass spectrometry (LSI-MS/MS) have been applied to the analysis of 
synthetic polymers to generate values for the average mass and the mass of the end groups, 
The average mass values were calculated for polymethylmethacrylate and polystyrene 
standards from the MALDI-MS data. Abundant fragment ions of the polymers, generated by 
means of LSI-MS/MS, were consistent with the known structures of the end groups of the 
polymers. Furthermore, losses from the side chains of the polymers were also observed in the 
LSI-MS/MS spectra. 
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T he introduction of soft ionization techniques such as matrix-assisted laser desorption ionization (MALDI) [ll and developments in instrumenta- 
tion have increased the interest in the analysis of 
polymers by means of mass spectrometry [2-B]. Mass 
spectra produced by MALDI give mean mass values 
and mass envelopes that often correlate well with 
other analytical techniques such as gel permeation 
chromatography (GPC) [19, 201. The low resolution 
and mass accuracy of the technique when combined 
with time-of-flight (TOF) analyzers, however, means 
that the determination of the mass and structure of 
polymer end groups is often not possible. It is possible 
to perform collision-induced dissociation (CID) experi- 
ments in TOF instruments by means of post-source 
decay (PSD) [211. The precursor ion resolution and the 
reproducibility of PSD conditions, however, are gener- 
ally quite low. 
Address reprint requests to Professor J. H. Scrlvens, Room UllY, ICI 
Research and Technology Centre, P.O. Box 90, Wilton, Middles- 
brough, Cleveland, TS90 8JE, UK. 
*Current address: ICI Research and Technology Centre, P.O. Box 90, 
Wilton, Middlesbrough, Cleveland TS90 8JE, UK. 
End group information can, however, be derived 
from liquid secondary ion mass spectrometry (LSIMS) 
in a sector instrument by using CID. The mass en- 
velopes of polymers observed in liquid secondary ion 
(LSI) mass spectra are typically centered at lower 
mass-to-charge ratios, compared to that seen by means 
of matrix-assisted laser desorption/ionization-mass 
spectrometry (MALDI-MS), as a consequence of frag- 
mentation and reduced ionization efficiency at high 
mass. It has been shown, however, that intact oligomers 
are observed in the LSI mass spectra of many synthetic 
polymers [22229]. 
In this study, MALDI and LSIMS data are combined 
to determine average mass and end group information. 
The classes of synthetic polymers studied were poly- 
methylmethacrylate (PMMA) and polystyrenes (I’S). 
The structures of these polymers and the different end 
groups (R) of the PMMA polymers studied are shown 
in Figure 1. 
A few studies of PS [2, 7, 19, 201 and PMMA [2, 4, 
19, 201 have been performed by means of MALDI-MS. 
The structural determination of synthetic polymers by 
means of liquid secondary ion-tandem mass spec- 
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Figure 1. The structure of the polystyrene and polymethyl- 
methacrylates employed. 
trometry (LSI-MS/MS) [22, 30-341 has been almost 
totally limited to polyglycols [30-341. 
Experimental 
Mass Spectrometry 
UV-MALDI spectra were obtained by means of the 
TofSpec mass spectrometer (Micromass, Manchester, 
UK1 operated in the reflectron mode with an accelerat- 
ing potential of 25 kV. Approximately 50-100 laser 
shots were employed to obtain the mass spectra under 
control of the OPUS data system. 
LSI mass spectra were acquired by means of the 
ZAB-T tandem mass spectrometer (Micromass) operat- 
ing at an accelerating potential of 8 kV. Precursor ions 
for CID experiments were selected at greater than unit 
mass resolution by MSl. The ion beam was attenuated 
by 80% with argon at 4-keV collision energy in the 
midpoint collision cell. These conditions have been 
shown to balance both the fragment ion information 
and intensity that are observed in the CID spectra [35]. 
The microchannel plates of the array detector were 
held at the maximum electrical potential of 1.875 kV. 
Acquisition of 5-20 scans under control of the OPUS 
data system was used to produce the fragment ion 
spectra. 
Sample Preparation 
The I’S and PMMA A standards were obtained from 
Polymer Laboratories (Church Stretton, UK) and used 
without further purification. The most probable mass 
or peak average molecular weight (M,) and polydis- 
persity values of these polymers, which are estimated 
by the manufacturer by using GPC, are 2010 and 1.10 
for PMMA A, 1700 and 1.06 for PS 1700,505O and 1.05 
for P’S 5050, and 10,200 and 1.03 for PS 10,200. The 
structure of the end groups of PMMA B was deter- 
mined by nuclear magnetic resonance spectroscopy 
(data not shown). Average mass data were not avail- 
able for this polymer. 
All solutions were prepared from analytical grade 
acetone (Fisher Scientific, Loughborough, UK). For 
MALDI spectra of cationized polystyrene, silver tri- 
fluoroacetate (10 mg mL-’ 1 was mixed with the matrix 
solution (10 mg mL ~’ 1 and the sample solution (10 mg 
mL-i) in a 1:lO:l ratio. No salt was added for PMMA 
samples. Dithranol (Sigma Chemical Co., St. Louis, 
MO) was the matrix of choice for experiments with I’S 
[20] and indole acrylic acid (Sigma Chemical Co.) was 
employed with PMMA samples [20]. A mixture of 
polystyrenes 1700, 5050, and 10200 with matrix and 
salt, in a 1:3:5:10:1 ratio, was used for calibration for 
MALDI experiments. Meta-nitrobenzyl alcohol (NBA) 
was the matrix for analysis by means of LSIMS. One 
microliter of the polymer samples (approximately 1 pg 
mLP’) were deposited on the probe tip prior to a 1-PL 
loading of the matrix. The addition of 1 +L of sodium 
iodide (NaI, 10 mg mL-‘) or silver trifluoroacetate (10 
mg mL-‘) promoted the generation of cationized 
adducts. 
Results and Discussion 
Matrix-Assisted Laser 
Desorption/IomFzation-Mass Spectromety 
of Polymers 
Calibration fir MALDI experiments. The samples em- 
ployed for calibration were synthetic polymers as the 
conditions used are similar. A mixture of polystyrenes 
1700, 5050, and 10200 was used to generate MALDI 
spectra with peaks covering the mass range of interest 
(lOOO-15,000 u). The calibration file was generated by 
employing seven peaks from the mass spectrum, which 
were spread across the mass range of interest. The 
higher mass samples employed were at a higher con- 
centration in the mixture. The mass accuracy of the 
peaks generated by MALDt is approximately 0.02% 
when this calibration is employed. 
MALDI-MS of palymefhylmefhacrylute. The MALDI 
mass spectrum of PMMA A, a GPC standard with an 
estimated M, of 2010, is dominated by two series of 
ion peaks that correspond to [M + Na]+ and [M + K]+ 
species of intact oligomers. No fragmentation of the 
oligomer adduct ions was observed. Ions are seen for 
oligomeric species from the 7-mer to the 35-mer of the 
polymer. No salt was added to the matrix to promote 
cationization in these experiments and hence the metal 
cations probably originated from the sample disk, sam- 
ple containers, or as impurities in the matrix or sol- 
vent. Similar species were observed in spectra of 
PMMA standards acquired with no added salt by 
Lloyd et al. [19]. Cations of the bare metals Na+ and 
K+ are also seen in the spectra along with matrix ions. 
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A PMMA sample (PMMA B) with a different end 
group (Figure 1) was analyzed by means of MALDI-MS 
as a comparison with the standard with hydrogen end 
groups. The ions observed in the spectrum indicate 
that the sample has a larger polydispersity value (ap- 
proximately 1.4) than that of PMMA A (1.07). Ions are 
observed from m/z 1000 to greater than m/z 10,000 
for PMMA B. 
MALDI-MS of polystyrene standards. The oligomeric 
species observed in the MALDI spectrum of polysty- 
rene 1700 are all silver adducts, [M + Ag]+, for the 
6-mer to the 29-mer. Abundant [M + Aglf ions were 
also observed in previous MALDI-MS experiments 
with polystyrene standards 12, 4, 19, 201. 
Average mass values of PMMA and PS. The average 
mass (M, and M,) and polydispersity values calcu- 
lated from the MALDI spectra are 1894, 2035, and 1.07 
for PMMA A and 1885, 2035, and 1.08 for P’S 1700. 
Peak areas rather than heights were employed as these 
account more satisfactorily for the isotope and instru- 
mental contributions that cause peak broadening [36]. 
Liquid Seconda y lonization Mass Spectromety 
of Polymers 
LSIMS of PMMA. The generation of intense ion sig- 
nals from polymers by LSIMS is made difficult by the 
sample preparation. The spectra generated are not very 
reproducible and high concentrations are required to 
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obtain intense ion signals from the sample. The signals 
obtained are also very short lived. When the LSIMS ion 
gun is turned on, intense signals are observed which 
reduce very rapidly. This is possibly a consequence of 
aggregation of the polymer at the surface of the matrix 
and rapid exhaustion of the sample by surface damage 
from collision of the cesium ion beam with the target. 
An intense distribution of peaks corresponding to 
[M + Na]+ ions of intact oligomers is observed in the 
LSI mass spectrum of PMMA A (Figure 2). These 
sodiated ions have the same mass-to-charge ratios as 
those observed in the MALDI spectra of the same 
compound. This envelope of ions starts at m/z 625 
(the 6-mer) and extends to greater than m/z 3000. The 
distribution centers at approximately m/z 1400, which 
is approximately 400 u less than that found by 
MALDI-MS. Furthermore, higher mass oligomers are 
observed at reduced relative intensity in the LSI mass 
spectrum in comparison to that observed by MALDI- 
MS. The skewed nature of this distribution is probably 
a consequence of two factors: fragmentation and re- 
duced efficiency of ionization of higher molecular 
weight materials by means of LSIMS ionization. Vari- 
ous series of fragment ions are observed in the mass 
spectrum and their origin will be discussed in the next 
(tandem mass spectrometry) section. 
The reduced ionization efficiency of oligomers with 
higher molecular weights by LSIMS is probably the 
most important factor in the observation of a mass 
envelope centering at lower mass-to-charge ratio val- 
ues in comparison to those given by MALDI-MS. There 
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Figure 2. LSI mass spectrum of PMMA A (NBA matrix/NaI) (* denotes matrix ion peaks). 
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is no evidence that fragmentation of oligomers is more 
prevalent for high mass species or that these ions 
dissociate to generate fragment ions with the same 
mass-to-charge ratios as those of intact oligomers. For 
these reasons it is better to employ MALDI-MS rather 
than LSIMS for generating average mass values for 
PMMA A. 
The LSI mass spectrum of PMMA B is dominated 
by fragment ions. Adducts of intact oligomers with 
sodium are observed at low abundance with a maxi- 
mum at approximately m/z 1600. Peaks are observed 
at TX/Z 219, 530 (M+‘), and 553 ([M + Na]+), which 
indicates that Irganox 1076 1 n-octadecyl-@-(3,5-di-tPrf- 
butyl-4-hydroxyphenyl) propionate] is present as an 
antioxidant in the sample. This material is commonly 
added to polymer blends and has been well character- 
ized by means of mass spectrometry [37-401. 
LSIMS of polystyrene. The LSI mass spectrum of I’S 
1700 is dominated by peaks at low mass-to-charge 
ratios which correspond to dissociation of the polymer, 
matrix ions, and fragmentation of a polymer additive. 
Adduct ions of intact oligomers with silver ([M + 
Ag]+) were observed at low abundance between m/t 
1000 and 3000. This expanded region of the spectrum 
is shown in Figure 3. The presence of silver adducts in 
the spectrum is indicated by a comparison of the 
theoretical isotope distribution with that observed in 
B Irganox 1010 
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the experiment (Figure 3, inset). The two isotopes of 
silver, “‘Ag and ‘@Ag, give rise to an extended distri- 
bution of peaks in the region of the adducts. The 
experimental distribution gives a good fit with that 
calculated. 
The radical cation M+’ and the silver adduct ([M + 
Agl+l of Irganox 1010 are also observed in Figure 3. 
Irganox 1010 is commonly added to polymer systems 
as an antioxidant. It has been studied by means of field 
desorption (FD) mass spectrometry [39], LSIMS [391, 
electrospray mass spectrometry [401, laser desorption 
mass spectrometry [371, and desorption chemical ion- 
ization mass spectrometry 1381. The intensity of the 
additive peaks reduces very quickly after the ion gun 
is turned on, relative to those from oligomeric adducts. 
An expansion of the lower region of the LSI mass 
spectrum is shown in Figure 4, which indicates the 
presence of fragment ions of Irganox 1010 [39,40]. 
Liquid Secondary Ion-Tandem Mass Spectromety 
of Polymers 
LSI-MS/MS of EMMA. Figure 5 is the LSI tandem 
mass spectrum of m/z 1825.7 ([M + Nal+) from 
PMMA A. The CID spectra of PMMA A are dominated 
by fragment ions below m/z 500. These fragment ions 
are generated by direct cleavage of the polymer back- 
bone. Two series of ions are observed which have 
1400 1800 2ooo 2200 2400 2600 2800 3ooo 
m/z 
Figure 3. Partial LSI mass speckum (M/Z 1000-3000) of polystyrene 1700 (NBA matrix/silver 
trifluoroacetate). The calculated and experimental (LSI mass spectrum) isotope distributions of the 
15-mer of polystyrene 1700 are shown in the inset. 
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Figure 4. Partial LSI mass spectrum (m/z 50-1350) of polystyrene 1700 (NBA matrix/silver 
trifluoroacetate). The labeled peaks (i) are characteristic of Irganox 1010, a polymer additive 
(* denotes matrix ion peaks). 
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Figure 5. LSI-MS/MS spectrum of PMMA A, [M + Na]+ m/z 1825.7 (NBA matrix/NaI) 
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mass-to-charge ratios of 110 + lOOn and 124 + lOOn, 
where n = O-4. These fragment ions are consistent 
with the structures of the end groups and were ob- 
served in the CID spectra obtained from all oligomers 
of PMMA A studied ranging from the 14-mer to the 
25-mer. These fragmentation pathways are shown in 
Scheme I. 
The origin of ions with mass-to-charge ratio 110 + 
lOOn is from chain scission with charge retention (Na+) 
on one side of the polymer. The ions of mass-to-charge 
ratio 124 + 100n may be generated by cleavage and 
charge retention on either end of the polymer back- 
bone. Initial random scission of the polymer backbone 
followed by depolymerization of the fragment ion gen- 
erated to give the ions observed in the CID spectra is 
one possible pathway for the origin of the abundant 
fragment ions at low mass-to-charge ratios. This path- 
way is analogous to that proposed by Craig and Der- 
rick 1411 for the decomposition of polystyrene by means 
of CID. The loss of monomer units from the fragment 
ions formed by initial cleavage is presumed to be close 
to a thermoneutral process in this mechanism [41]. 
However, the site of homolytic cleavage was proposed 
by Lattimer [33] to be at or near the chain ends of 
polyglycols. 
These ions are radical cations and may possibly be 
distonic ions with the radical situated on the polymer 
backbone. Ions of this type were observed in the CID 
spectra of alkali metal cationated polyglycols by Lat- 
timer [331. Furthermore, radical cations were also found 
at low mass-to-charge ratios in the CID spectra of fatty 
alcohols 1421 and fatty acids 1431. The proposed struc- 
tures of the two main series of fragment ions that are 
observed at low mass-to-charge ratios are shown in 
Figure 6. The m/z 124 fragment ion is most probably 
that shown in Figure 6a because a tertiary carbon is the 
more stable site for the unpaired electron. 
Fragments corresponding to loss of 60 u are as- 
cribed to loss of methanol and carbon monoxide from 
the m/z 224 and 324 products. A 1,4-hydrogen rear- 
rangement from the methyl side chain of the m/z 224 
fragment ion possibly generates the m/z 164 ion with 
concurrent expulsion of carbon monoxide and 
methanol. 
All fragment ions observed in the CID spectra of 
PMMA A retain the cation (Na+ ). The sodium ion is 
presumed to be bound to the carbonyl oxygen of one 
(tNa+) (+ Na+ ) 
324 224 124 
(+Na+) 
Scheme I. CID fragmentation pathways of the sodiated n-mer 
of PMMA A. 
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Figure 6. The proposed structures of m/z 124 and 110 fragment 
ions observed in the CID spectra of PMMA A. 
of the ester groups of the side chains of PMMA. The 
presence of the cation Na+ in the precursor ion is 
indicated by the fragment ion at m/z 23. 
Four series of ions are observed in the region of the 
spectra between m/z 500 and the precursor ion as 
shown in the expanded region of the CID spectrum of 
m/z 1825.7 (Figure 7). These series of even electron 
fragment ions have odd mass-to-charge ratios and are 
separated by 100 u, the mass of the repeat unit of the 
polymer. 
All four series (A-D) are proposed to be generated 
by rearrangement processes. These fragment ions again 
all retain the cation. The low abundance of the ions 
generated by rearrangement processes in comparison 
to that of ions formed by direct cleavages indicates the 
prevalence of the latter types of processes under high 
energy CID conditions. This is due to the high internal 
energy uptake on collision and the fast time frame of 
dissociation. 
The A and B series of ions are observed at m/z 
109 + 1OOn and 123 + lOOn, respectively and are both 
proposed to be generated by 1,5-hydrogen rearrange- 
ments between two methylene carbons of the polymer 
backbone. A fragment ion with an unsaturated end 
group is formed with loss of a methylmethacrylate 
monomer unit and part of the main chain of the 
polymer, as shown in Schemes II and III. Another 
possible mechanism for generation of the A and B 
series involves a 1,5-hydrogen rearrangement from a 
methylene carbon of the polymer backbone to a methyl 
carbon of a side chain. An example of this mechanism 
for the A series is shown in Scheme IV. 
Loss of carbon dioxide, along with a 1,5-hydrogen 
rearrangement similar to that proposed for generation 
of the A and B series, may account for the formation of 
the C (65 + lOOn) and D (79 + lOOn) series observed 
in the CID spectra of PMMA A. 
All of the series of ions generated by rearrangement 
processes are also observed in the LSI mass spectrum 
of PMMA A (Figure 2). These series of fragment ions 
must also be generated by chain scission because they 
are more abundant at lower mass-to-charge ratios. It is 
also possible that there is a variation in the fragmenta- 
tion cross sections as larger molecules are better able to 
absorb excess energy without fragmenting. The ions 
generated by direct cleavages of the polymer are also 
observed in Figure 2. 
The observation of facile chain scission from the 
[M + Na]+ precursor ions formed by LSIMS contrasts 
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Figure 7. Expanded region (m/z 600-1800) of the LSI-MS/MS spectrum of PMMA A, [M + Nal+ 
m/z 1825.7 (NBA matrix/NaI). Series A: m/z 109 + lOOn; series B: m/z 123 + lOOn; series C: m/z 
65 + lOOn; series D: m/z 79 + lOOn. 
nantly fragment ions where a part or the whole of the 
side chains of the polymer had been lost [44]. The 
fragment ions observed were hence seen mainly at 
high mass-to-charge ratios. No multiple losses of side 
chains were observed in the LSIMS-CID spectra re- 
ported here. It is also possible that the increased local- 
ization of the charge when cationized with a sodium 
ion changes the fragmentation pathways of the precur- 
sor ion of PMMA. This has often been observed as 
with that from MH’ ions generated by field desorp- 
tion [44]. The differences could arise, in part, as a 
consequence of the difference in ionization energetics. 
CID spectra of ions generated by means of LSIMS and 
FD have been proposed to differ due to the amount of 
internal energy that is deposited during the ionization 
process [45]. Acidification of the matrix did not favor 
the generation of MH + ions of PMMA by means of 
LSIMS ionization, under the conditions used in these 
experiments. CID of MH + ions generated predomi- 
Na- 
Scheme II. Proposed mechanism for generation of the A series Scheme III. Proposed mechanism for generation of the B series 
from PMMA A. from PMMA A. 
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Scheme IV. An alternative mechanism for generation of the A 
series from PMMA A. 
changes in the fragment ion patterns from peptides 
when the cationizing agent is changed from a proton 
to an alkali metal ion [46]. 
The CID spectrum of the sodiated 15-mer, [M + 
Nal+ m/z 1673.8, of PMMA B is shown in Figure 8. 
The signal-to-noise ratio is very low in comparison to 
that observed for PMMA A as a consequence of the 
low abundance of the former precursor ion. The frag- 
ment ions observed at low mass-to-charge ratios are 
consistent with the masses of the end groups of the 
272 
polymer, however, and the fragmentation pathways of 
the polymer adduct are shown in Scheme V. 
Ions are observed at m/z 110 + 1OOn and 172 + 
lOOn, with each ion in the respective series differing in 
mass-to-charge ratio by the mass of the polymer repeat 
unit. The fragment ions in these two series are gener- 
ated from cleavages adjacent to a tertiary carbon and 
hence have a structure with the unpaired electron 
formally sited on the tertiary carbon. These fragment 
ions observed at low mass-to-charge ratios are analo- 
gous to those seen in the CID spectra from PMMA A. 
No fragment ions are observed that result from cleav- 
ages adjacent to the methylene carbon, with charge 
retention at that carbon, with structure analogous to 
that of the m/z 100n + 124 ions shown in Figure 6b 
where the site of the unpaired electron is a primary 
carbon. This indicates that the fragment ions observed 
at m/z 124 + lOOn for PMMA A are probably gener- 
ated by homolytic chain scission to form a fragment 
ion with a structure shown in Figure 6a. It is probable 
that fragment ions that are generated with charge 
retention at a methylene group are more reactive than 
those with charge located at a tertiary carbon and 
hence the former react further and are not observed in 
the spectra. 
Ion peaks of low intensity that are generated by 
hydrogen rearrangements are observed in the central 
portion of the spectrum. These ions have mass-to- 
charge ratios of 109 + lOOn and 171 + lOOn. These 
fragment ions are proposed to be generated by mecha- 
nisms that are analogous to those for the A and B 
series of PMMA A (Schemes II, III, and IV). 
m+Na]+ 
Figure 8. LSI-MS/MS spectrum of PMMA 8, [M + Na]+ m/z 1673.8 (NBA matrix/NaI) 
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Scheme V. CID fragmentation pathways of the sodiated 15-mer 
of I’MMA B. 
Only one fragment ion is observed which can be 
formed with loss of part of a side chain of the polymer. 
This ion appears at m/z 1613 and is generated with 
liberation of methanol and carbon monoxide from the 
precursor ion by a mechanism similar to that proposed 
for decompositions of EMMA A. 
LSI-MS/MS of polystyrene. The CID spectrum of 
the [M +lo7 Ag]+ ion of polystyrene 1700, m/z 1621.7, 
is shown in Figure 9. The fragment ions observed in 
the spectrum are predominantly adducts with silver 
except for three ions at low mass-to-charge ratios. 
These three ion peaks were also seen at high intensity 
in the CID spectra of M +’ ions generated by FD ioniza- 
tion [41,47]. These ions appear at m/z 91, 161, and 193 
and their possible structures were discussed previ- 
ously [48]. Furthermore, the peaks at m/z 91 and 161 
are consistent with the masses of the end groups of the 
polymer [471, proposed to be generated by direct 
cleavages at either end of the polymer backbone. The 
302 
observation of these ions indicates that the silver ion is 
less tightly bound to P’S than sodium ions are to 
PMMA because all fragment ions in the CID spectra of 
the latter polymer retain the cation. Weaker binding of 
cations with higher molecular weight is also observed 
for adducts of metals with peptides 1491. 
A number of the fragment ions that are observed in 
the CID spectra of the [M + Ag]+ ions correspond to 
those seen in that from M+’ ions [41], but with silver 
attached. These are more intense when two or more 
phenyl rings are present, which is possibly due to the 
propensity of the silver ion to preferentially bind to 
two phenyl rings. 
Two series of ions are also observed in the central 
region of the spectrum, between approximately m/z 
400 and the precursor ion, which are separated by the 
repeat unit of polystyrene, namely, 104 u. These ions 
have mass-to-charge ratios which correspond to the 
silver adducts of the (Y and /3 series of fragment ions 
observed in the mass-analyzed ion kinetic energy 
(MIKE) spectrum arising from the unimolecular de- 
composition of molecular ions of polystyrene 141, 481. 
The CY + Ag and /3 + Ag series of fragment ions have 
mass-to-charge ratios of 104n + 107 and 104n + 70 + 
107, respectively, where 107 is the relative atomic mass 
of silver. The proposed mechanisms by which the 
Q + Ag and /3 + Ag series are generated are pre- 
sumed to be analogous to those proposed previously 
for the unimolecular decomposition of radical cations 
of polystyrene [41]. 
Both mechanisms involve energetically favorable 
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Figure 9. LSIMS-MS/MS spectrum of polystyrene 1700, [M + Ag]+ m/z 1621.7 (NBA matrix/silver 
trifluoroacetate). Series a:‘07Ag + 104~; series /3:‘07Ag + 70 + 104~ 
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six-membered intermediates and 1,5-hydrogen rear- 
rangements to produce adduct ions of alkene termi- 
nated fragments with silver. The complementary ions 
(charge retained on the complementary fragment) were 
observed in the MIKE spectrum arising from the uni- 
molecular decomposition [41] but not in the CID spec- 
tra of the [M + Ag]+ series, indicating the stability of 
fragment ions with alkene end groups under these 
conditions. This stability may be a consequence of 
delocalization of electrons in the silver adduct frag- 
ment ions which would aid binding of the Ag+ to the 
polymer fragment. 
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